A Gram-stain-negative, non-endospore-producing, short-rod strain, KNDSS-Mac4 T , was isolated from a downstream sediment sample of the river Ganges, Kanpur, India and studied by using the polyphasic taxonomic approach. 16S rRNA gene sequence analysis uncovered that the strain had similarity to species of the genus Thauera and formed a distinct phylogenetic cluster with phosphatidylglycerol, three unknown aminophospholipids, phosphatidylmethylethanolamine, two unidentified lipids and Q-8 as the only ubiquonone. The major cellular fatty acids present were C 16 : 1 !6c/C 16 : 1 !7c and C 16 : 0 . The DNA G+C content of strain KNDSS-Mac4 T was 65.9 %. Based on data from phenotypic tests and the genotypic differences of strain KNDSS-Mac4
The genus Thauera was first proposed by Macy et al. [1] having Thauera selenatis as type species, which was able to reduce selenate under anaerobic conditions. At the time of writing, there are ten species with validly published names in the genus Thauera, which include Thauera aminoaromatica, Thauera phenylacetica [2] , Thauera aromatica [3] , Thauera butanivorans [4] , Thauera chlorobenzoica [5] , Thauera humireducens [6] , Thauera linaloolentis, Thauera terpenica [7] , Thauera mechernichensis [8] and T. selenatis [1] , isolated from various environmental niches. Most of the species of the genus were reported to be capable of NO 3 À reduction and denitrification under anaerobic conditions utilizing NO 3 -as an electron acceptor [2-5, 7, 8] and one species was reported for the reduction of humus using humus as an electron acceptor [6] . The present study describes a novel species belonging to the genus Thauera, which was isolated for the first time from a freshwater sediment sample. Characterization of strain KNDSS-Mac4 T was performed by using the polyphasic taxonomic approach and, based on the results obtained, the strain was proposed to be a novel species of the genus Thauera.
Strain KNDSS-Mac4
T was isolated from a downstream sediment sample of the river Ganges, Kanpur (N 26 24¢ 55 †; E 80 26¢ 66 †), India. Isolation was done by using the standard dilution plate method on tryptic soy agar (TSA; HiMedia) medium. For all studies, the isolate was maintained on TSA plates at 30 C and preserved in 10 % glycerol solution at À70 C. The reference type strains, T. aminoaromatica (DSM 14742 T ) and T. phenylacetica (DSM 14743 T ), were procured from the German Collection of Microorganisms and Cell Cultures.
Cell size and flagellation of strain KNDSS-Mac4 T were determined by using a JEOLJEM 2100 transmission electron microscope. Gram staining was performed by using Gram staining kit (HiMedia) according to the manufacturer's instructions. Growth under anaerobic conditions was examined by following the methods described by Dhanjal et al. [9] . Optimum growth conditions and physiological tests, such as growth at temperatures from 10 to 50 C (at intervals of 5 C), growth at pH ranging from 5.0 to 12.0 (at intervals of 1 pH units; done using the biological buffer system described by Xu et al. [10] ) and NaCl tolerance from 0-10% NaCl (w/v; at increments of 1 %), were examined by growing the isolate on basal tryptic soy broth (TSB; HiMedia). Catalase activity, citrate utilization (using Simmons' citrate agar), H 2 S production and urea hydrolysis were examined by using methods described by Cowan and Steel [11] . Starch, casein and gelatine hydrolysis, indole production, methyl red-Voges-Proskauer tests, oxidase activity and endospore staining were performed as explained by Smibert and Krieg [12] . Nitrate reduction was tested by the method explained by L anyi [13] . Acid production utilizing various carbohydrates was observed as given by Smith et al. [14] . Utilization of various substrates and other physiological and biochemical properties were performed using Biolog GEN III microplates in the OMNILOG system (Biolog) according to the manufacturer's instructions.
For cellular fatty acid analysis, cells of strain KNDSS-Mac4 T and its closely related strains were grown on TSA at 30 C for 24 h until log phase. Fatty acid extraction was done by using the MIDI protocol (Sherlock Microbial Identification System, version 6.0) and the fatty acids were further analysed by gas chromatography (HP 7890A) and identified by using the TSBA5.0 database as described by Pandey et al. and Sasser [15, 16] . For other chemotaxonomic analysis, freeze-dried cell mass was prepared by growing the strains in TSB for 3 days at 30 C. Isoprenoid quinones were extracted and purified as described by Saha et al. [17] . For lipid extraction, the method described by Bligh and Dyer was used [18] and, for detection of polar lipids, two-dimensional-dimensionsal thin-layer chromatography was run as per the protocols explained by Komagata and Suzuki [19] . Lipid spots were detected using the following spray reagents: molybdatophosphoric acid (5 % w/v) in absolute ethanol, molybdenum blue spray reagent (Sigma) and ninhydrin (0.2 % w/v) in acetone for detection of total lipids, phospholipids and aminolipids, respectively.
Genomic DNA was extracted using the Bacterial/Fungal DNA MiniPrep kit (Zymo Research), according to standard procedures. PCR amplification of the 16S rRNA gene was performed using two bacterial universal primers (27f and 1492r). PCR product purification and sequencing was completed by the method as described by Mayilraj et al. [20] . Sequence similarity was compared using a global alignment algorithm implemented at the EzBioCloud (www.ezbiocloud. net) [21] . Phylogenetic analysis was carried out by using MEGA version 7.0 [22] after multiple alignments of the sequence. The neighbour-joining, maximum-likelihood and maximum-parsimony algorithms were used to reconstruct the phylogenetic trees. The confidence limits of the branching were assessed using bootstrap analysis. The draft genome of KNDSS-Mac4 T (NOIH000000000) was sequenced and assembled at Genotypic (Bengaluru, India; www.genotypic. co.in) according to the methods described by Kumar et al. [23] . Digital DNA-DNA hybridization (dDDH) was performed to determine the genetic relatedness between KNDSS-Mac4 T and the two closely related taxa. Type strain genomes of T. aminoaromatica S2 T (AMXD00000000) and T. phenylacetica B4P T (AMXF00000000) were retrieved from the NCBI database and used as references for the determination of dDDH and the average nucleotide identity (ANI) of the query genome of strain KNDSS-Mac4 T . The genomegenome similarity between strain KNDSS-Mac4
T and the two closely related taxa strains, T. aminoaromatica S2 T and T. phenylacetica B4P T , was calculated using the parameters of ortho-ANI available in the OAT software [24] and dDDH through the genome-to-genome distance calculator available at http://ggdc.dsmz.de/distcalc2.php [25] .
Cells of strain KNDSS-Mac4
T were rod-shaped with a polar flagellum (Fig. S1 , available in the online version of this article). The characteristic physiological and biochemical features of strain KNDSS-Mac4 T , the two closely related type strains and the type species of the genus Thauera are listed in Table S1 . The differential physiological and biochemical features of strain KNDSS-Mac4
T and the two closely related type strains are listed in Table 1 . The major polar lipids present in strain KNDSS-Mac4
T included phosphatidylglycerol, three unknown aminophospholipids, phosphatidylmethylethanolamine and two unidentified lipids, which were also found in two closely related strains, T. aminoaromatica (DSM 14742 T ) and T. phenylacetica (DSM 14743 T ), as shown in Fig. S2 . In addition, strain KNDSS-Mac4
T also contained ubiquinone Q-8. The major fatty acids found to be present in strain KNDSS-Mac4 T included C 16 : 1 !6c/ C 16 : 1 !7c (50.6 %) and C 16 : 0 (26.6 %), which is in accordance with the major fatty acids present in other strains of Thauera [6] [7] [8] . Strain KNDSS-Mac4
T differed from the reference strains by the absence of C 12 : 0 3-OH and C 16 : 1 !5c fatty acids. Detailed comparative fatty acid profiles are presented in Table 2 . The characteristic features of strain KNDSS-Mac4 T , i.e. rod-shaped cells, Gram-stain-negative, motile with a polar flagellum, positive for catalase, oxidase and nitrate reduction; negative for starch, casein and gelatine hydrolysis; presence of C 16 : 1 !6c/C 16 : 1 !7c and C 16 : 0 as major fatty acids and Q-8 as the major ubiquinone confirms its affiliation with the genus Thauera according to Bergey's Manual of Systematics of Archaea and Bacteria [26] .
Molecular systematic analysis revealed that strain KNDSSMac4 T belonged to the genus Thauera and formed a distinct phylogenetic cluster with T. humireducens, as shown in Fig. 1 ; however, the 16S rRNA gene sequence identity of the strain was maximum with T. aminoaromatica (98.7 %) followed by T. phenylacetica (98.6 %), T. chlorobenzoica (98.2 %), T. humireducens (98.2 %), T. selenatis (98.2 %) and T. mechernichensis (98.0 %). The assembled genome of strain KNDSS-Mac4
T had a total length of 3 929 604 bp, mean coverage of 100Â, N 50 value of 209 173 bp, 3610 predicted CDSs, 450 sub-systems and 59 RNAs. The final assembly contained 57 contigs and a G+C content of 65.9 %. The dDDH results showed that the DNA-DNA hybridization and ANI values between strain KNDSS-Mac4
T and the two closely related taxa, T. aminoaromatica S2 T and T. phenylacetica B4P T , were 26.0, 26.7 % and 84.0, 84.3 % respectively, which was below the 70 % threshold value (dDDH) and 95 % (ANI) suggested for the description of bacterial species [24, 25] . As it is known that organisms with more than 1.4-3.0 % 16S rRNA gene sequence difference belong to different genomic species, therefore, there was no need to study the DNA-DNA relatedness between strain KNDSSMac4
T and other related Thauera species [27] [28] [29] , which was further supported by recently published papers [30] [31] [32] [33] . The G+C content of the strain, 65.9 % (from the genome data), when compared with the two most closely related species T. aminoaromatica (68.7 %) and T. phenylacetica (68.6 %), showed a difference of 2.8 and 2.7% respectively, further confirming that strain KNDSS-Mac4
T should be considered as new species based on the fact that strains belonging to same species do not have G+C content difference of !1.0 % [34] . On the basis of the polyphasic data obtained in this study, strain KNDSS-Mac4
T is considered to represent a novel species of the genus Thauera, for which we propose the name Thauera propionica sp. nov.
DESCRIPTION OF THAUERA PROPIONICA SP. NOV.
Thauera propionica (pro.pi.o¢ni.ca. N.L. fem. adj. propionica propionic acid-oxidizing).
Cells of strain KNDSS-Mac4
T are facultative anaerobe, Gram-stain-negative, motile rods approximately 0.6-0.8 mm wide and 1.6-2.2 mm long. On TSA medium, the colonies are small, round and convex. The strain is positive for catalase and oxidase. Capable of growing at up to 2 % NaCl concentration (optimum at 1.0 %); temperature range between 12 to 45 C (optimum at 37 C); pH in the range between 5.0 to 11.0 (optimum at 8.0) and growth on MacConkey agar. Negative for starch hydrolysis, methyl red and Voges-Prauskauer, casein hydrolysis, citrate utilization, gelatine liquefaction, indole, urease and hydrogen sulphide production. Acid is not produced from raffinose, fructose, cellobiose, lactose, maltose, dulcitol, dextrose, galactose, rhamnose, inositol, trehalose, melibiose, sucrose, mannose, salicin, arabinose, xylose, sorbitol, inulin, mannitol and adonitol. In Biolog GEN III, strain KNDSS-Mac4
T is positive for growth at pH 6.0, 1 % NaCl, L-lactic acid, L-malic acid, Lglutamic acid, a-keto-glutaric acid, acetoacetic acid, N-acetyl-neuraminic acid, D-serine, rifamycin SV, minocycline, lincomycin, niaproof 4, quinic acid, D-saccharic acid, vancomycin, p-hydroxy-phenyl acetic acid, D-malic acid, lithium chloride, b-hydroxy-D,L-butyric acid, propionic acid, acetic acid, aztreonam and negative for dextrin, maltose, trehalose, cellobiose, gentiobiose, sucrose, turanose, stachyose, C, pH 12.0, NaCl concentrations above 2 %; starch hydrolysis; methyl red test; Voges-Prauskauer test; casein hydrolysis; citrate utilization; gelatine liquefaction; indole, urease and hydrogen sulphide production. Acid is not produced from raffinose, fructose, cellobiose, lactose, maltose, dulcitol, dextrose, galactose, rhamnose, inositol, trehalose, melibiose, sucrose, mannose, salicin, arabinose, xylose, sorbitol, inulin, mannitol and adonitol. In Biolog Gen III microplates, all three strains are positive for growth at/in pH 6.0, 1 % NaCl, L-lactic acid, L-malic acid, L-glutamic acid, a-keto-glutaric acid and acetoacetic acid and negative for dextrin, maltose, trehalose, cellobiose, gentiobiose, sucrose, turanose, Fig. 1 . Phylogenetic tree based on 16S rRNA gene sequences. The evolutionary history was inferred by using the maximum-likelihood method based on the Tamura-Nei model [35] . The tree with the highest log likelihood (À4122.75) is shown. The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial tree(s) for the heuristic search were obtained automatically by applying the neighbour-joining and BioNJ algorithms to a matrix of pairwise distances estimated using the maximumcomposite-likelihood approach, and then selecting the topology with a superior log likelihood value. A discrete gamma distribution was used to model evolutionary rate differences among sites [5 categories (+G, parameter=0.3682)]. The rate variation model allowed for some sites to be evolutionarily invariable ([+I], 67.90 % sites). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 21 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 1326 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 [22] . Thiobacter subterraneus DSM 16629 T (AB180657) was used as an outgroup. Circular symbols represent nodes that were also recovered in the maximum-parsimony and neighbour-joining trees. Only bootstrap values!70.0 % are shown. Bar, 0.02 % sequence variation.
present in strain KNDSS-Mac4
T are aminophospholipid, phosphatidylglycerol and phosphatidylmethylethanolamine. 
